The batch experiments were conducted to examine the adsorption properties of Ni( ) ions by synthesizing Linde type F(K) zeolite from coal fly ash. Several important parameters were investigated. The adsorption isotherm and kinetics equation were also discussed. The results showed that, the zeolite doses had obvious effect on the adsorption properties of Ni( ). With the increasing of zeolite doses, the adsorption efficiency was improved significantly, and the saturated adsorption capacity was decreased continuously. The adsorption efficiency increased from 12% to 92% as pH increased from 2.0 to 7.0. With the increasing of temperature and contact time, the adsorption efficiency of Ni( ) ions improved obviously. Langmuir adsorption isotherm and Pseudo-first order model showed better calculation results for the adsorption of Ni( ) on Linde type F (K) zeolite.
Introduction
Nowadays, heavy metals pollution has become a severe public health problem in the world. Heavy metals in aqueous solution could join the food chain and then has the toxic effects on the environment and human beings [1, 2] . Many methods such as adsorption, reverse osmosis, chemical precipitation, ion-exchange could reduce the concentration of heavy metals. In recent years, the method of adsorption to treatment heavy metals wastewater become a hot topic [3] . To remove the heavy metals effectively, the suitable adsorbent was the key technology [4] [5] [6] . Fly ash was generated during the combustion of coal for energy production. That was an industrial by-product, and recognized as an environmental pollutant [7] . Because of the environmental problems presented by the fly ash, considerable research has been undertaken on the subject worldwide. The utilization of fly ash as a low-cost adsorbent and zeolite synthesis for the removal of heavy metals has been studied in several literatures [8] [9] [10] . Fly ash was found to have a higher adsorption capacity for Cd(II), as Fly ash obtained from the combustion of poultry litter was also utilized as an adsorbent for the removal of Cr(III) from aqueous solution [11] . Wang et al. [9] studied the removal of heavy metals (Cu and Zn) from wastewater using zeolites synthesized from fly ash. Hui et al. [12] used the zeolite 4A synthesized by recycled coal fly ash to adsorb mixed heavy metal ions.
Linde type F(K) zeolite was gained from hydrothermal reaction between fly ash and high concentration KOH solution [13] . Chen et al. used the product as an adsorbent to treat the heavy metal of Zn(II) [14] and Cu(II) [ 15] , and got a high removal rate. The present work focused on utilizing the Linde type F (K) zeolite to removal heavy nickle ions in water. The adsorption isotherm and kinetics of the process and the sorption capacity of the adsorbents were determined in relation to the effects of various factors on the adsorption process. The parameters in this study included adsorbent dosage, initial concentration of the heavy metal ions, initial pH of the solution, temperature and contact time.
Experimental
The Ni ) solution was prepared for this study by dissolving Ni(NO 3 ) 2 ·6H 2 O in 1L of distilled water to make its synthetic solutions. The initial concentration of Ni 2+ ions was 50 mg/L and 100 mg/L, respectively. Alkaline solution used for zeolite synthesis is prepared through dissolving KOH in distilled water. The solutions used for adjusting adsorption pH are prepared through dissolving NaOH and HNO 3 The Linde type F (K) zeolite is synthesized through fly ash reacted with KOH solution. The zeolite synthesis procedures are as follow. The KOH aqueous solution (8 mol/L) was added to fly ash (2g) in a separable flask and the solution was refluxed with stirring at 95˚C under the opened system (atmosphere pressure: 1.01325×105) for 48h. The obtained products were washed with distilled water and dried at 105˚C.
The batch studies were conducted by mixing zeolite with Ni(II) metallic solutions prepared in the laboratory. The zeolite was mixed with Ni 2+ solution in 10 ml polypropylene tubes. The pH of solution was adjusted by 0.01 mol/L NaOH and 0.01 mol/L HNO 3 solutions. The tubes with mixtures were fixed in a water bath shaking box and shaken at 150rpm.
The mixtures was filtered through 0.45Pm membrane filter using a vacuum pump after adsorption reaction, and the filtrate was, subsequently, analysed for its Ni(II) content using AA240DUO atomic adsorption spectrophotometry (Agilent Technologies, Inc. USA). The pH of solution is determined by a Q/GHSC 1544-2009 pH meter. Following the same procedure, different parameters were studied, such as adsorbent dosage, initial metal concentration, initial pH, reactive temperature and contact time.
Results and Discussion
Effect of zeolite dosage on adsorption. The effect of zeolite dosage on the adsorption efficiency of Ni(II) was shown in Fig The zeolite dosage was 0.25, 0.50, 1.00, 2.00, 3.00, 4.00, 5.00 and 6.00 g/L, respectively. The initial concentration of Ni(II) solutions was 50 mg/L and 100 mg/L, respectively. The initial pH of adsorption system was 7, the temperature was 25 , and the reaction time was 10 hours. It can be seen that, the zeolite dosage had a significant effect on the adsorption removal of Ni(II) ions. When the initial concentration of Ni(II) ions was 100 mg/L, the adsorption efficiency increased from 20% to nearly 95% as the dose increased from 0.25 to 4.00 g/L. It should be resulted from more adsorption sites which are supplied from higher zeolite dosage. However, the adsorption efficiency of Ni(II) ions had a little increase with a continuous increase of zeolite dosage from 4 g/L to 6g/L. Fig.1 also showed that, the adsorption efficiency increased from 26% to nearly 99% as the dose increased from 0.25 to 2.00 g/L when the initial concentration of Ni(II) ions was 50 mg/L. The adsorption system tended to saturate as the further increase of zeolite dosages.
The effect of zeolite dosage on the saturated adsorption capacity was shown in Fig.2 . It indicated the saturated adsorption capacity underwent a continuous decrease. When the initial concentration of Ni(II) ions was 100 mg/L, the saturated adsorption capacity decreased from 81 mg/g to 17 mg/g with zeolite dosage increasing from 0.25 g/L to 6.00 g/L. When the initial concentration was 50 mg/L, the saturated adsorption capacity decreased from 51 mg/g to 8 mg/g with the same zeolite doses. Effect of pH on adsorption. The pH of system will not only influence the surface charge of adsorbent, but also the state between the metal ions and adsorbent. The solution pH played an important role in the adsorption process. The effect of pH on metal Ni uptake was shown in Fig.3 . The pH was taken from 2.0 to10.0. The zeolite dosage was 2.0g/L, the initial concentration of Ni(II) solutions was 100 mg/L, the temperature was 25 , and the shaking time was 10 hours. As shown in Fig.3 , the adsorption efficiency was improved obviously with the increasing of pH. The adsorption efficiency increased from 12% to 92% as pH increased from 2.0 to 7.0. The adsorption efficiency was nearly 100% with the continuous increasing pH from 8.0 to 10.0. Hui et al. [ 12] suggested the precipitation pH of Ni(II) ions was 7.77 when the initial concentration of mixed heavy metal ions was 100 mg/L. Effect of temperature and contact time on adsorption. The effect of temperature and contact time on the adsorption percentage was shown in Fig.4 . The temperature was taken of 25 , 35 , and 45 . The adsorption time was 7 hours. The initial concentration of Ni(II) ions was 100 mg/L, the zeolite dosage was 2.00 g/L, and the initial pH was 7. Fig.4 showed that with the increasing of temperature and contact time, the adsorption of Ni(II) metal ions on zeolite increased rapidly. When the temperature was 25 , the adsorption efficiency increased from 28% to 67% as the contact time increased from 0.5h to 7h, respectively. The adsorption efficiency improved obviously when the temperature increased to 35 . The Ni uptake percentage increased from 39% to 76% as the contact time increased from 0.5h to 7h, respectively. Compared to the temperature of 25 and 35 , the adsorption efficiency further improved with the temperature increased to 45 . The adsorption efficiency was 62% when the contact time was 0.5h. The adsorption efficiency was up to 99% with the contact time extended to 7h. The results showed that, the higher of reaction temperature, the shorter of equilibration time for adsorption. (3) where Q e is equilibrium adsorption amount of Ni on zeolite (mg/g), Q t is adsorption amount of Ni(II) on zeolite at time t (mg/g), K 1 is rate constant of first order model and t is contact time. The Blanchard pseudo-second order model:
where K 2 is rate constant of second order model. The two models were used to plot the data in Fig. 4 , and the results were showed in Tab. 2. According to references, R 2 value was always used to evaluate the rationality of the model. where Q e,exp and Q e , cal is equilibrium adsorption amount of Ni(II) on zeolite (mg/g) gained from experiments and model calculation. 
Summary
The important parameters, including adsorbent dosage, initial concentration, pH, temperature and contact time, all had obvious effect on the adsorption of Ni(II) ions. With the increasing of adsorbent dosage, the adsorption efficiency of Ni(II) ions was improved significantly. The adsorption system tended to saturate as the further increase of zeolite dosages. However, the saturated adsorption capacity was decreased gradually. The adsorption efficiency of Ni(II) ion was 92% when the initial pH was 7. The equilibration time of adsorption was shorter with the increasing of reaction temperature. The adsorption process of Ni(II) ion accorded with Langmuir adsorption isotherm. In addition, the reaction of adsorption on Linde type F(K) zeolite to Ni(II) ion matched to the pseudo-first class reaction kinetics model. 
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